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INTRODOCTICH

In order to gain mdditiooal date on the perforsance of the
Kaman Botochuts, bolng developed under Comtract Nonr 701(00),
tants vere conducted oo full-scale 12 faot and 14 foot diameter
Rotoclutes in the "nited Aircraft Corporation Jemeral Purpose ¥ind-
Tunnel during the paricl of 29 Yebruary through 3 March 1956,

This report describes the tests end discusses the test

results,
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Fixad hlinde ~itck ancle operation to detarmine Fovarnor
charartarintics requires s-acial precavtions to avoid roter over-
speadin,s in the critical ancle rangs,

4 goveroor spring witk a spring rate of 1190 pounds per imch
and a - reload of 4550 pounds orovides satisfactory governing action
with the 12-foot SK272242-11 blades.

Shifts in the location of the chordwise centar of gmvity of
the blades affects the governsr action in thn came manner a8 chonges
in the povernor spring cc. itants, A forward shift ia the czenter of
~ravitv rorras-onds to an incrense in trelead om the governor soril g,

Tne bludes etresses durinz the test rune wvers contiderably less
than the ultiuate strangth of the Yludes and were directly wonortioml
to rater smand,

D.ring thease teats, wmued operation with ansles of yaw up to
10: bAd nn aporeciable effone mar YWlade vibrutory itressas,
Glenrances in the syn~hronizer llnkages allowed the conlm mgle

te ¢ yeasute for tho angle of yaw,
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ERSCRIPTION OF TRS?

A, DTest Model

The test model consisted of a standard XBC-? Rotor Head

Ansembly (KAC No, SK22347-1) and a standard Fin Awsexbly (EKAC ko,
SK22330-1) mounted on n hinzed tube which provided a convenient
meann of changing the yawed attitude of the rotor head, Figures

1 and * shos the tast unit insinlled in the wind tunnel, The bizdes

uged were as followa:

Chordwise NACA Botor
Ser{al Hos, KAC Eo, Weight Chord C.0, Alrfoil Diameter
TR 5K22242-13 3¢ 1. 5* 47k 0020 15 rt,
AED 5Kz2242-11  u2é 1%,0° bl 5% 0016 1z £t, 3 in,
.3
SA & 5B $822242-11 €3, 59 14, 0" 33.5.4 no}5 12 ¢, 3 in.
(modified) 49,88

Blades 1A apd 1B had extra layers of fiberglas on the up-
wind eide in order to provide greater resistnnce to compressive
buekling.

Blades 54 and 5B wers modifisd by the addition of three cavities

oade up of aluwminum tubes imbeddsd in the leading edge, middls, and

truiling edgo cell of each biade, The chordwise center of gravity

vas shifted by the insertion of a lead rod into the appropriave cavity.

B, Te;t Seteb
The teat molel was centered in the test section of the
United Aircraft Gensral Purpose Subsoniec ¥ind-Tunnel. This test

saction is of octagonal cross-section, 18 feet beotween diametrically

op osite sides. Thres 3/8 inchb diameter rod
comnrised the forvard mountimg structures, o _
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plane and one rod to the ceater of each of the lower bsa paneln;
all rods being 30° from the lopgitudim] axis of the tunoe! and up-
stream from the test model, These rods were attached to a common
thrust link on the nose end of the test model and to individual
panel mountiog brackets on the test section wmlls. Individual
calibrated linis and turabuckles were incorperated at the mounting
brackets, The rear mounting structure vas similar to the forwmrd
structure with the rear soumntin: rods being attached forward af the
body hinge in a plane perpen‘icular to the tunnel wall, The ontirse
systeo vas subjectsd to a down-stream preload of 1500 pounds through
8 cable stretched betvesn the rotochute fin smmft and a damped
walking beas with a weight (an attached., Vhe cable can be som

in Figure 1| whers it passss over s auspended pulley and dowe through

an opening in the floor of the tunnel to the walking beas,

C. Instrumentation
The following quantities were msasured:

1, Load in fized pitch links

2, Coning angle

3. DBlade pitch angle

4, DPlade stmuin - root station, downwind side -
5. Blade straln - root station, upwind side

6. Blade struin - 1/3 span station, downwind side
7. Blade strain - 1/) span station, upwind side
8. Blade strain - 2/3 span atation, downwied side
9. Blxde strains - 2/3 span station, upwind side
10, Mounting link etrains

11, Thrust

12, Rotor speed

13. Alrepsed

A block dlagram of the bdasic instr _

Figure &,
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D, 1Tegt Procedurs

After the desired test molel coofiuration was obtaimed,
air flow in the tunnel was started wvhile rotation of the blades
vas initisted manually, The eirflow wac then increased to the point
vhere autarot-tion vas mainteimmd, Dots were recorded at various
airspaeds up to the maxiaum tunnel speed obtaimable or until the
rotor reached 700 RPM, vhichever occurred first. Tunnel oparation
was perforued by Lntted Adircraft personnel, Model conliguration
charges and oscillngraphic raocording of data was performsd by Kapan
personnel. Data were recordad at steady state conditiona of air-

flov and rotor speod and also At various vibration modes and

during umsual rotor spesd surging,

P

=
E

“he test program consisted of four parts:
1, #ized blade pitch cperation to determines blade pitching forces.

2, Spring governor operation t. dstermine spring rate and
apring preloal rejuired for desirel goveorning actlon.

3, Ope-ntlon with various chordvise canter of rravity locations
to 2otermipe effoct of cenmter of gravity location apon

‘D‘an 1“ lctlon.

I, Yawed attitude operation tc determine eoffect upon vibratory
blade ctresses,

1]

-
a

*
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The test results sy te divided imic two categuries,

operational data and atresa data. XZach of these will be described

separately,
1, Cperatiopal Jnta
a. Flzed Pitel Operption

The rotochute was operuted with fized blade pitch angle in
tee Tirst part of the test propram. The data ohtained from this
zode of operation were expected to provile a basis for selecting
the spring constants for the spring geverncr. However, 1n order te
avaid excessive rotor speed, it was necessary to restrict operatiom
t0 the megative pitch angle reglon.

The li=foot diameter rotochute (blades 14 and 1B) was operated
vith the blade pitch angle fixed at =9°, -7°, -5°, apd -3°. 4a
attempt to opsrate the rotochute with the pitch angle fixed at
-1° resulted in an abdrupt bulld-up of rotor spmed to a point where
a blade failure occu.rrlod. The airspesd recuired to initinte suto-
rotation proved to be too high for safe omermticn, Figure 4 contaim
plote of governor link laad, thrust, and rotor speed versus ntnpeod'
for each of the fixed blade pitch angles,

The 12-foot diameter rotochuts {(blades i ad ) vas
operated with the blade pitch angle fixed at -9°, -7°, am -5°.
Yigure 5 contains plots of governor link load, thrust, and rotor

spsed versus airspesd,

b, Smrine Yovercor Operstion

For the second part of tie test o —

L - r— L
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_KRGC.2 Rotochute

rotochute was operated with a spring governor in place af the fizsd
1link used in the firat part of the program, The purpose of this
part of the program was to determine the opring rate and spring
preload required for governed rotor speed.

FPigure 6 coatains plots of thrust, rotor speed, coning
angle, and blade pitch angle versus airspsed for three spring
configurations with blades 34 snd 3. The spring rates and the
corresponding prelonds used were as follows:

1250 pounds per inch - 1260 pounds

1220 pounds per inch - 1100 pounds

1100 pounds per inch - 550 pounds

The combdination of 1100 pounds per inch spring rate with
$50 pounds preload was the only ome which gave governed operation
with thess tlades vithout exceeding tha sstablished 1limit BPM,

The effect of change in prelcad upon thrust, rotar speed,
coning angle, and blade pltch angle as a function of airsmed is
showe in Figure 7, for blades 54 and 5B,

‘ The effectivensss of string spoilers as a msans of governing
the rotor speed is shown in Figure B, Blades 3i and 3B wers
operated with a spring governor configuration vhich did not provide
goveraing at airspeeds below 85 f.p.s. {1220 pounds per inch spring
rate with 1100 peunds preload) and string spoilers wars added to the
leading edges of the blades. The rotor speed was limited as shown

in the plot of rotor speed versus airspeed in l'ig\'n-o 8, however the

thrust developed was much less than thut developed by a spring-

governed rotochute {(Mgure 6),

ENGINEENING GEnERaAL REPORT
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c.

In ordsr to investigate tha &ffezt of blade chardvise cester
of gravity locutlon upom <-wvarn>r aoratiar, the 12-foot rotocchute
was sperated witk blades SA and SE {n mrt four of the test program,
Thase Llades hnve previsions fsr lecatirn,; the ceater of gravity at
33.3e, h-‘-.-ﬁ, and 45.85 of tho zhori froz the leading edge, 7i_ure 9
shows the afficts of these 2antar of gravity lecatiouns upon thrust,

Totor spead, coning aegle, =nd blude pitch mngie 22 = functien of air-

soeed,

2-

E

Stress data were obtalned for two types of blades:
a, SKI22242-13 blades
Pigure 10 shows the blade strecses in blades M and 1B,
QOuly one series of fired:.pitch runs was made defore these blades
failed,
b, S5£22242-11 blades
fpures 11 nnd 12 ahow the blade stress varsus rotor smeed
for thn dowvnvind am te upwind siles, respac:ively, of Wades
and 3B, These data were accumulated from both fixed pitch opammtion
and spring governor opseration with various bdlade nitch angles,
coning angles, airspeeds and yav angles, The oaly paramster showing
a direct relationship to blade stress was rotor smeed,
The bending stresses for blades M amd B are shown in Pigure 13,

Thess data weres obtained by combining that froz ZPirures 11 aosd 12,
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Blads vibpatory satra-arr were a~pinred Auring yawad "':Httlll
oneration with ynw anrles of 5° rnd 100. These anasurements showed
1o incrence in ~trass lavals for :mvat aperation over normml apertion,
Dariey thes~s muie, howaver, the conlss ancle fluciunted at a ¢a8-par=
revolution rate with an nmplitude nooroximtely esual to the nagle
of yaw, The cleuranncas In the *.yn-.:hroni:ex; linlngas vare found to ba
grout enough to allaw suf’icient variation in the coning angle to

cnncel the off-cts nf tha yaw angle: vied in these toats,

wfw whi
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A. Cperational Dats
Satiefactory governing acticn was obtaimwd with a zovernor
spring with a spring rate of 1100 pounls per i{zch and a areload of
55C pounis, Operation with this cenfisuration in showe in Pigure 6.
A nlot ef rotor speed, blade pitch angle, upd section ancle of
attack 1t the blade tip versus airspeed is given in Plgire lv., From
this plot it cam be seen that tne characteristic break in the rotar
spoed curve occurs at an angle of attack ef 14 to 18 degrees. This
apgle of sttacr is aproroximately ejial to tie stall poin: for the air-
foi1 used, Therefore it follows that the blades are cpernting in the
stalled reglon of their characteristics durinz the rel ‘vely
constant rotor speed portion of the rotor speed versus airspeed
curve for spring governor operation,
As shown in Figurs 7, the level of tle retor speed curve
can 98 changed by changing the amount of preload applisd to the
governor spring, dence, the mazimum rotor s.e:d and resultant
thrast at any velocity la determined by the governor spring preload,
The addition of string spailers to tne leadin: edses of the
tlades resulted in governed operaticn, as shown in Fizure 8, This
also indicate: that the btlades are stalled over the flat portion of
the rotor speed versus airspeed curve, FRowawer, this constitudes
an inefficient method of governing as evidenced by the zuch lover
thrust shown in Pigure B cowpared to that shown im Figure 6.

The effect of the location of the chordwise center of gravity

o

upon goveraor operation is shown in Figure

““‘—-—_—4&‘.
_~
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canter of gravity towards the lu-!ing adge has the effect of increasing

the preload na the governor s:ring, 4 shift in the center of ~ravity

location towsrds tre trailios edsr has the =ffec* of eitrer decreasing

tte yoversor spriog preload or decr=asins the s;ring rate of the apring,

7ized pltch npar~tion at positive blade nitch angles eculd not
be ol -ained berinse cf the qifficulty of lniti ting sutorctstion at low
enongl nirspeeds to avold nxcesaive rotcr epeed,

B, Stress Oags

The etrass data ortalned (Figurec 11 and 1Z) Ipdicate that
the tl:3= stresse: are due prizarily to centrifugal forces, since

thoy are propcrtion:l to rotor :peed snd are relatively lnsensitive

to vuriaticns {n other puraneters,

The bending in the bludes {4 stown in Plgure 15, This shows
that tke blades bend vpeind at the root station snd downwind =t the
ecctionrd statiors,

Pravic:-s tests on sazples of fibepplae aimilur to thet vsed

in tnere tlades have shown the nltirste stromgth to be anprozizately
0,000 to 70,000 pst in tersles. ke -aricue tepsicr Ftresct mensured
in Stece torts (77,660 for the 1U-foot dinmeter 1s'en, Fipure 14
ord 72,R00 for the 1l-fort disnrter blades, Firure 12) are well

belicw the ultinatn ctren-th,

JSH:tm

LRI R
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